During the past few decades, nonsteroidal anti-inflammatory drugs (NSAIDs) have been extensively used worldwide for managing fever, inflammation, and pain.[@bib1] However, previous studies have indicated that use of individual NSAIDs was associated with an elevated risk of cerebrovascular events.[@bib2], [@bib3], [@bib4] As such, substantial concern has turned to the cerebrovascular safety related to NSAID use. In particular, current clinical guidelines discourage the use of NSAIDs in patients with previous history of cerebrovascular disease as well as those at high risk for cerebrovascular harm.[@bib5]

Patients on dialysis are a susceptible population for cerebrovascular disease. For example, Toyoda *et al.*[@bib6], [@bib7] provided supportive evidence that stroke is common in patients with end-stage kidney disease who are undergoing hemodialysis or peritoneal dialysis). Seliger *et al.*[@bib8] has reported that incidence of stroke (both ischemic and hemorrhagic stroke) in patients on dialysis is particularly higher than that in the general population. However, whereas some attention has been given to the safety of NSAID use in patients with renal function issue,[@bib9], [@bib10] whether NSAIDs use exerts an effect on elevated risk of stroke in dialysis patients remains largely unclear.

To determine the effect of NSAID use on risk of stroke in dialysis patients, we carried out a case-crossover study using nationwide medical claims data in Taiwan to evaluate the associations between NSAID use and risk of stroke (either ischemic or hemorrhagic) in dialysis patients.

Materials and Methods {#sec1}
=====================

Data Source {#sec1.1}
-----------

The data used in this study were derived from the Longitudinal Health Insurance Database, which comprises the reimbursement medical claims data of Taiwan's National Health Insurance Program, which contains demographic characteristics, disease diagnoses, ambulatory care and inpatient claims data, and prescription records from National Health Insurance Program enrollees. Of note, the Longitudinal Health Insurance Database was constructed by randomly selecting 1 million enrollees from the Registry for Beneficiaries of the National Health Insurance Program in 2000, 2005, and 2010, respectively. Thus, a total of 3 million enrollees were included in this study. All medical claims data from 1 January 2000 to 31 December 2012 were included as the data source. The study protocol was approved by the Institutional Review Board of the National Health Research Institutes, Taiwan.

Study Subjects {#sec1.2}
--------------

We first identified dialysis patients; that is, patients with a primary diagnosis of end-stage renal disease under *International Classification of Diseases, 9th revision, Clinical Modification* code 585 and who receive treatment using hemodialysis, peritoneal dialysis, or hemofiltration. Among those patients, we further identified study participants as patients with a hospitalization record for a primary diagnosis of a stroke event (*International Classification of Diseases, 9th revision, Clinical Modification* codes 433, 434, and 436 for ischemic stroke and 430 and 431 for hemorrhagic stroke). The index date was defined as the date that the participant was diagnosed as having a hospitalized medical record of a stroke. Patents were excluded based on the following criteria: (i) age \<20 years in the first claims record of dialysis during the study period; (ii) previous inpatient admissions or outpatient visits for stroke during the period from 2000 to 2002; (iii) diagnosis of stroke prior to initiation of initiation; (iv) sex data were missing; and (v) previous diagnosis of trauma or acute myocardial infarction before the diagnosis of stroke. As a result, a total of 1190 dialysis patients, who also had incident cases of stroke from 2003 to 2012, were identified and included for further analyses in this study. [Figure 1](#fig1){ref-type="fig"} presents the detailed flow chart regarding inclusions and exclusions of the study participants.Figure 1Flow diagram of inclusion/exclusion criteria for study population. ICD-9, *International Classification of Diseases, 9th revision*; LHID, Longitudinal Health Insurance Database.

Exposure to NSAIDs {#sec1.3}
------------------

We obtained information on NSAID exposure according to prescription records in the National Health Insurance Research Database (NHIRD). Each prescription record in the NHIRD contains the types of prescribed drugs, time of prescription, and duration of drug supply and dosage. We identified all prescription records for NSAIDs based on the Anatomic Therapeutic Chemical code M01A, which was developed by the World Health Organization Collaborating Centre.[@bib11] In detail, the following NSAIDs were investigated in this study: (i) selective cyclooxygenase 2 (COX-2) inhibitors: celecoxib and etoricoxib; and (ii) nonselective NSAIDs: salicylates, propionic acid derivatives, acetic acid derivatives, enolic acid derivatives, and anthranilic acid derivatives. In addition, the route of administration (oral or parenteral) for NSAID exposure was also examined in this study ([Supplementary Table S1](#appsec1){ref-type="sec"}).

Covariates {#sec1.4}
----------

The following time-varying covariates were included and adjusted for in the subsequent analyses: (i) concomitant medication use related to stroke, such as antihypertensive agents (β-blockers, angiotensin-converting enzyme inhibitors and angiotensin receptor blockers, calcium-channel blockers, and loop diuretics), antidiabetic agents (insulin, sulfonylurea, thiazolidinediones, and glinides), statins, and anticoagulants (except for aspirin);[@bib12] and (ii) health care utilization, which was calculated as the number of outpatient visits during the case and control periods, respectively.[@bib13]

Data Analysis {#sec1.5}
-------------

We defined the case period as 1 to 30 days prior to the index date and the control period as 91 to 120 days prior to the index date for each study participant. This same definition for the case and control periods was used in previous studies regarding pharmacological properties of NSAIDs.[@bib12], [@bib14] In this study, we applied a population-based, case-crossover study design to determine the relationship between NSAID use and the risk of stroke, including ischemic and hemorrhagic stroke among dialysis patients. We performed conditional logistic regression models to compare the effect of NSAID use on stroke between case and control periods. Crude and adjusted odd ratios (ORs) were computed, with and without adjustment for the above-mentioned factors of time-varying medications and health care utilization. In addition to overall NSAID use, further analyses were conducted for the use of selective, nonselective, and each individual NSAID, respectively, and for the route of administration (oral or parenteral) for NSAIDs, with and without adjustment for covariates.

We also carried out subgroup analyses to examine the modifying effects of various characteristics, including age, sex, Charlson comorbidity index (CCI) score,[@bib15] heart disease, type 2 diabetes mellitus, and anticoagulant use. Moreover, sensitivity analyses were applied to test the robustness of the results. That is, we repeated the analyses using 3 alternative time windows: (i) 1 to 15 days before the index date as the case period and 31 to 45 days before the index date as the control period; (ii) 1 to 30 days before the index date as the case period and 61 to 90 days before the index date as the control period; and (iii) 1 to 30 days as the case period and 121 to 150 days as the control period. We declared statistical significance using a *P* value \<0.05. All of the analyses were performed using SAS version 9.2 for Windows (SAS Institute, Cary, NC).

Results {#sec2}
=======

We identified a total of 1190 dialysis patients who were hospitalized for incident ischemic or hemorrhagic stroke during the period from 2003 to 2012. The mean age at the onset of stroke was 62.9 ± 12.2 years, and 51.3% of the study subjects were women. Among them, 78.6% of dialysis patients were hospitalized for ischemic stroke and 21.4% were hospitalized for hemorrhagic stroke. Detailed information regarding demographic characteristics, concomitant medication use CCI score, and health care utilization are reported in [Table 1](#tbl1){ref-type="table"}.Table 1Demographic and clinical characteristics of the study subjectsCharacteristics*n*%Demographics Age group (yr) 20--6461351.51 ≥6557748.49 Sex Women61151.34 Men57948.66Concomitant medication Antihypertensives21618.15 Statins29324.62 Insulin35730.00 Sulfonylurea24520.59 Thiazolidinediones766.39 Glinides18615.63 β-blockers59950.34 ACE-I/ARB54445.71 Calcium-channel blockers77665.21 Loop diuretics37031.09 Vitamin K antagonists473.95 Nonaspirin antiplatelet agents38532.35 Low-dose aspirin00 Anticoagulants59550.00Charlson Comorbidity Index score 1--333828.40 ≥485271.60Health care use during 1 year before stroke No. of outpatient visits 020.17 1--2660951.18 ≥2757948.66 No. of inpatient visits 049941.93 129324.62 ≥239833.45Dialysis modality HD111093.28 PD806.72Dialysis duration prior to strokeMean ± SD HD11101079.15 ± 926.11 PD801115.15 ± 879.89[^1]

[Table 2](#tbl2){ref-type="table"} shows the association of NSAID use with the risk of overall stroke, ischemic stroke, and hemorrhagic stroke, respectively. The results suggest that overall NSAIDs use during the 30 days prior to the stroke index date was associated with an increased risk of stroke and ischemic stroke, after controlling for confounding factors (adjusted OR \[AOR\]: 1.31; 95% confidence interval \[CI\]: 1.03--1.66 for stroke; AOR: 1.34; 95% CI: 1.02--1.77 for ischemic stroke). When classifying overall NSAIDs into selective, nonselective, and individual NSAIDs, positive associations with stroke were found for the use of nonselective NSAIDs (AOR: 1.27; 95% CI: 1.00--1.61), propionic acid (AOR: 2.14; 95% CI: 1.16--3.95), and anthranilic acid (AOR: 1.94; 95% CI: 1.08--3.49), separately. Additionally, a significant association with ischemic stroke was found for the use of propionic acid (AOR: 2.34; 95% CI: 1.14--4.82). We also observed that both oral and parenteral NSAID administration were significantly associated with stroke, but a positive association with ischemic stroke was only found for parenteral NSAID administration ([Table 2](#tbl2){ref-type="table"}). Because blood pressure data were not available in the present study, we classified study subjects into 2 groups: subjects with and without hypertension, separately; we repeated the analysis by using patients with and without hypertension, respectively. The results were comparable between patients with and without hypertension ([Supplementary Table S2A and 2B](#appsec1){ref-type="sec"}).Table 2Risk of stroke, ischemic stroke, and hemorrhagic stroke in relation to NSAID use among patients with renal dialysisCase period (1-30 days before index date)Control period (91-120 days before index date)CrudeAdjusted[a](#tbl2fna){ref-type="table-fn"}*n*%*n*%OR95% CIOR95% CI**Stroke (*n* = 1,190)**NSAIDs overall44537.3937531.51**1.57**[b](#tbl2fnb){ref-type="table-fn"}(1.25--1.97)**1.31**(1.03--1.66) Selective473.95413.451.26(0.73--2.18)1.18(0.67--2.09) Nonselective41935.2135329.66**1.53**(1.22--1.91)**1.27**(1.00--1.61) Salicylates20717.3919216.131.24(0.89--1.74)1.11(0.78--1.59) Propionic acid514.29272.27**2.50**(1.40--4.46)**2.14**(1.16--3.95) Acetic acid16613.9512610.59**1.49**(1.13--1.98)1.16(0.86--1.57) Enolic acid544.54413.451.46(0.91--2.37)1.33(0.80--2.20) Anthranilic acid453.78211.76**2.33**(1.34--4.05)**1.94**(1.08--3.49) Oral41434.7935629.92**1.47**(1.17--1.85)1.23(0.96--1.56) Parenteral766.39403.36**2.29**(1.47--3.56)**1.94**(1.22--3.06)**Ischemic stroke (*n* = 935)**NSAIDs overall36138.6130032.09**1.66**(1.28--2.15)**1.34**(1.02--1.77) Selective414.39373.961.20(0.66--2.17)1.10(0.59--2.07) Nonselective33936.2628230.16**1.59**(1.24--2.06)1.28(0.97--1.68) Salicylates17318.5015716.791.31(0.91--1.89)1.15(0.77--1.70) Propionic acid404.28192.03**2.91**(1.47--5.77)**2.34**(1.14--4.82) Acetic acid13314.2210210.91**1.48**(1.08--2.04)1.13(0.80--1.59) Enolic acid485.13353.741.57(0.93--2.64)1.38(0.79--2.41) Anthranilic acid303.21171.82**1.87**(1.00--3.50)1.58(0.80--3.12) Oral33836.1528430.37**1.58**(1.22--2.05)1.29(0.98--1.70) Parenteral606.42323.42**2.22**(1.36--3.63)**1.86**(1.12--3.11)**Hemorrhagic stroke (*n* = 255)**NSAIDs overall8432.947529.411.29(0.81--2.06)1.15(0.69--1.90) Selective62.3541.571.67(0.40--6.97)1.55(0.36--6.75) Nonselective8031.377127.841.31(0.81--2.13)1.18(0.70--2.00) Salicylates3413.333513.730.91(0.39--2.14)0.85(0.33--2.18) Propionic acid114.3183.141.60(0.52--4.89)1.54(0.43--5.48) Acetic acid3312.94249.411.53(0.83--2.82)1.27(0.66--2.45) Enolic acid62.3562.351.00(0.29--3.45)1.00(0.28--3.65) Anthranilic acid155.8841.57**4.67**(1.34--16.24)**6.44**(1.38--29.98) Oral7629.807228.241.13(0.69--1.85)1.04(0.61--1.77) Parenteral166.2783.142.60(0.93--7.29)1.97(0.66--5.88)[^2][^3][^4]

[Figure 2](#fig2){ref-type="fig"}a shows the relationships between NSAIDs use and the risks of overall stroke and ischemic and hemorrhagic stroke in dialysis patients, stratified by age, sex, and various clinical conditions. The results indicated that NSAIDs use significantly elevated the risk of stroke and ischemic stroke among patients aged 20 to 64 years, with a CCI score higher than 3, and with anticoagulants use, but no significant interaction was found between NSAIDs use and age, CCI score, or anticoagulants use, individually, was found. Similar results were observed when including patients on peritoneal dialysis ([Figure 2](#fig2){ref-type="fig"}b). In addition, when we also examined the interaction of NSAIDs use with age, sex, and various clinical conditions, separately, we did not find any significant interactions. Likely, we examined the age effect by adding an interaction term between age and NSAID use in a regression model but found no interaction.Figure 2Risk of stroke in relation to nonsteroidal anti-inflammatory drug use among patients with (a) renal dialysis and (b) hemodialysis, stratified by age, sex, and various clinical characteristics.

Sensitivity analysis was carried out using different time windows, specifically: 1 to 15 days for the case period and 31 to 45 days for the control period; 1 to 30 days for case period and 61 to 90 days for control period; and 1 to 30 days for case period and 121 to 150 days for control period, separately. No overt changes were found in relation to the associations between NSAID use and increased risks of overall, ischemic, and hemorrhagic stroke across the different time windows ([Table 3](#tbl3){ref-type="table"}).Table 3Risk of stroke, ischemic stroke, and hemorrhagic stroke in relation to NSAID use among patients with renal dialysis, based on different lengths for case and control periodsCase period 1-15 days\
Control period 31-45 daysCase period 1-30 days\
Control period 61-90 daysCase period 1-30 days\
Control period 91-120 daysCase period 1-30 days\
Control period 121-150 daysCOR (95% CI)AOR[a](#tbl3fna){ref-type="table-fn"} (95% CI)COR (95% CI)AOR (95% CI)COR (95% CI)AOR (95% CI)COR (95% CI)AOR (95% CI)**Stroke**NSAIDs overall**1.65 (1.28--2.11)**[b](#tbl3fnb){ref-type="table-fn"}**1.36 (1.04--1.78)1.63 (1.29--2.05)1.37 (1.07--1.75)1.57 (1.25--1.97)1.31 (1.03--1.66)1.77 (1.42--2.20)1.52 (1.20--1.91)** Selective0.94 (0.46--1.90)0.83 (0.40--1.72)1.37 (0.76--2.47)1.18 (0.64--2.18)1.26 (0.73--2.18)1.18 (0.67--2.09)1.26 (0.76--2.09)1.19 (0.70--2.02) Nonselective**1.70 (1.31--2.19)1.39 (1.06--1.84)1.65 (1.30--2.08)1.37 (1.07--1.76)1.53 (1.22--1.91)1.27 (1.00--1.61)1.79 (1.44--2.24)1.52 (1.20--1.92)** Salicylates1.34 (0.93--1.93)1.18 (0.79--1.76)**1.50 (1.04--2.16)**1.39 (0.95--2.05)1.24 (0.89--1.74)1.11 (0.78--1.59)1.32 (0.95--1.83)1.18 (0.83--1.68) Propionic acid**2.00 (1.08--3.72)**1.51 (0.79--2.87)1.59 (0.93--2.71)1.32 (0.75--2.32)**2.50 (1.40--4.46)2.14 (1.16--3.95)1.72 (1.05--2.82)**1.27 (0.76--2.15) Acetic acid**2.20 (1.51--3.20)1.74 (1.18--2.57)1.58 (1.18--2.13)**1.25 (0.92--1.71)**1.49 (1.13--1.98)**1.16 (0.86--1.57)**1.65 (1.25--2.18)**1.29 (0.96--1.73) Enolic acid1.15 (0.63--2.09)1.00 (0.54--1.86)**1.71 (1.03--2.83)**1.44 (0.85--2.43)1.46 (0.91--2.37)1.33 (0.80--2.20)**1.74 (1.04--2.90)**1.61 (0.94--2.76) Anthranilic acid1.14 (0.64--2.02)0.90 (0.49--1.64)1.30 (0.81--2.09)0.92 (0.56--1.53)**2.33 (1.34--4.05)1.94 (1.08--3.49)2.56 (1.44--4.57)2.26 (1.23--4.13)** Oral**1.49 (1.15--1.92)**1.22 (0.93--1.60)**1.46 (1.15--1.84)**1.23 (0.96--1.58)**1.47 (1.17--1.85)**1.23 (0.96--1.56)**1.65 (1.32--2.06)1.41 (1.11--1.79)** Parenteral**3.69 (2.00--6.81)2.79 (1.48--5.26)2.76 (1.68--4.55)2.22 (1.32--3.74)2.29 (1.47--3.56)1.94 (1.22--3.06)2.65 (1.69--4.17)2.28 (1.42--3.67)Ischemic stroke**NSAIDs overall**1.93 (1.45--2.57)1.52 (1.11--2.08)1.71 (1.31--2.23)1.40 (1.06--1.86)1.66 (1.28--2.15)1.34 (1.02--1.77)1.79 (1.39--2.30)1.52 (1.16--1.98)** Selective1.17 (0.54--2.52)0.97 (0.43--2.19)1.53 (0.80--2.94)1.29 (0.66--2.53)1.20 (0.66--2.17)1.10 (0.59--2.07)1.38 (0.79--2.42)1.27 (0.70--2.31) Nonselective**1.95 (1.45--2.63)1.52 (1.10--2.10)1.73 (1.32--2.26)1.41 (1.06--1.88)1.59 (1.24--2.06)**1.28 (0.97--1.68)**1.79 (1.39--2.30)1.49 (1.14--1.95)** Salicylates1.44 (0.95--2.16)1.16 (0.74--1.82)**1.66 (1.11--2.48)**1.50 (0.97--2.30)1.31 (0.91--1.89)1.15 (0.77--1.70)1.39 (0.97--2.00)1.25 (0.85--1.83) Propionic acid**3.71 (1.61--8.56)2.78 (1.17--6.63)2.07 (1.09--3.92)**1.61 (0.82--3.15)**2.91 (1.47--5.77)2.34 (1.14--4.82)1.89 (1.07--3.34)**1.26 (0.69--2.31) Acetic acid**2.25 (1.48--3.41)1.69 (1.09--2.62)1.51 (1.09--2.10)**1.19 (0.84--1.68)**1.48 (1.08--2.04)**1.13 (0.80--1.59)**1.55 (1.13--2.11)**1.21 (0.87--1.69) Enolic acid1.50 (0.76--2.95)1.38 (0.68--2.81)**2.12** (**1.19--3.77)**1.71 (0.94--3.12)1.57 (0.93--2.64)1.38 (0.79--2.41)**1.80 (1.04--3.11)**1.67 (0.94--2.98) Anthranilic acid1.06 (0.54--2.10)0.77 (0.38--1.59)0.96 (0.56--1.67)0.67 (0.38--1.21)**1.87 (1.00--3.50)**1.58 (0.80--3.12)**2.45 (1.22--4.95)2.40 (1.15--5.04)** Oral**1.73 (1.29--2.32)**1.37 (0.99--1.88)**1.55 (1.18--2.02)**1.29 (0.97--1.72)**1.58 (1.22--2.05)**1.29 (0.98--1.70)**1.66 (1.29--2.15)1.41 (1.08--1.85)** Parenteral**4.22 (2.04--8.73)3.01 (1.41--6.44)2.88 (1.63--5.08)2.19 (1.21--3.94)2.22 (1.36--3.63)1.86 (1.12--3.11)2.45 (1.49--4.03)2.17 (1.29--3.67)Hemorrhagic stroke**NSAIDs overall0.97 (0.57--1.62)0.89 (0.50--1.60)1.38 (0.86--2.23)1.15 (0.68--1.96)1.29 (0.81--2.06)1.15 (0.69--1.90)**1.69 (1.07--2.67)**1.55 (0.92--2.61) Selective0.25 (0.03--2.24)0.14 (0.01--1.48)0.75 (0.17--3.35)0.66 (0.13--3.37)1.67 (0.40--6.97)1.55 (0.36--6.75)0.83 (0.25--2.73)0.67 (0.18--2.45) Nonselective1.04 (0.61--1.78)1.01 (0.55--1.87)1.39 (0.86--2.26)1.16 (0.67--1.99)1.31 (0.81--2.13)1.18 (0.70--2.00)**1.82 (1.13--2.90)1.72 (1.00--2.95)** Salicylates1.00 (0.43--2.31)0.97 (0.36--2.61)0.90 (0.37--2.22)0.87 (0.32--2.33)0.91 (0.39--2.14)0.85 (0.33--2.18)1.00 (0.45--2.23)0.97 (0.37--2.55) Propionic acid0.50 (0.15--1.66)0.47 (0.14--1.62)0.75 (0.26--2.16)0.52 (0.15--1.84)1.60 (0.52--4.89)1.54 (0.43--5.48)1.29 (0.48--3.45)1.08 (0.35--3.31) Acetic acid2.00 (0.86--4.67)1.91 (0.75--4.88)1.92 (0.98--3.76)1.49 (0.73--3.07)1.53 (0.83--2.82)1.27 (0.66--2.45)**2.14 (1.14--4.04)**1.99 (0.96--4.09) Enolic acid0.33 (0.07--1.65)0.26 (0.07--1.37)0.71 (0.23--2.25)0.59 (0.18--1.97)1.00 (0.29--3.45)1.00 (0.28--3.65)1.33 (0.30--5.96)1.39 (0.28--6.80) Anthranilic acid1.33 (0.46--3.84)1.57 (0.49--5.07)**3.50 (1.15--10.63)**3.57 (0.93--13.66)**4.67 (1.34--16.24)6.44 (1.38--29.98)2.80 (1.01--7.77)**2.59 (0.84--7.93) Oral0.85 (0.50--1.48)0.79 (0.43--1.45)1.20 (0.74--1.95)1.00 (0.58--1.72)1.13 (0.69--1.85)1.04 (0.61--1.77)1.59 (0.98--2.58)1.43 (0.84--2.44) Parenteral2.50 (0.78--7.96)2.28 (0.67--7.69)2.40 (0.85--6.81)2.08 (0.63--6.85)2.60 (0.93--7.29)1.97 (0.66--5.88)**3.75 (1.25--11.30)**3.46 (0.98--12.24)[^5][^6][^7]

Discussion {#sec3}
==========

The results of this study suggest that the use of NSAIDs significantly increased the risk of stroke among dialysis patients. We found overall NSAID use to be associated with a 31% greater risk of stroke, after adjusting for confounding factors. In addition to overall NSAIDs, the use of nonselective and a certain number of individual nonselective NSAIDs also showed an adverse effect on elevated risk of stroke. A greater risk of stroke was found when delivering NSAIDs parenterally compared with using NSAIDs in oral form.

Several studies have provided suggestive data that NSAID use is positively associated with the risk of stroke,[@bib12], [@bib16], [@bib17], [@bib18] but limited studies have been conducted for assessing the cerebrovascular effects of NSAIDs in high-risk populations, especially Asian populations. To the best of our knowledge, the present study is among the few research investigations that has attempted to investigate the risk of stroke associated with selective and nonselective NSAIDs, individually, in dialysis patients.

Our results are in line with previous observational studies conducted in different ethnic populations. For example, in a nested case-control study using a United Kingdom cohort, Andersohn *et al.*[@bib4] examined the association between the use of COX-2 selective NSAIDs and ischemic stroke. Their results showed that the use of a certain kind of individual COX-2 selective NSAIDs, for example, rofecoxib and etoricoxib, increased the risk of ischemic stroke.[@bib4] In a network meta-analysis, Trelle *et al.*[@bib19] evaluated the cardiovascular safety of NSAIDs use based on 26 previous trials and concluded that various individual NSAIDs increased the risk of stroke. In contrast, several other studies have reported discrepant results.[@bib20], [@bib21], [@bib22] However, the inconsistent results reported from different studies might be likely due to different enrollment criteria, study designs, or small sample sizes.

The findings of the present study indicated that parenteral administration of NSAIDs led to a greater risk of stroke, especially ischemic stroke, than did the oral use of NSAIDs. Our results suggested that parenteral NSAIDs may cause detrimental effects on hemodynamic function in the brain, most likely due to a rapid transit of a high concentration of NSAIDs in cerebral circulation. However, to date, biologically plausible mechanisms have not been well studied. It will be of important to further investigate this issue. Despite no additional benefit from using parenteral administration compared with using oral administration,[@bib23] detrimental effects related to different routes of NSAIDs administration have barely been examined. Additionally, due to the nature of anticoagulants in use, which could have a significant effect on the risk of stroke and stroke subtypes, we have treated anticoagulant use as a covariate in the analytical models in the present study. Certainly, further investigation of the cerebrovascular safety regarding different routes of NSAIDs administration or effect of anticoagulant use or both would be merited.

In addition to potential effects of NSAID use on stroke, several previous studies have reported controlling and adjusting for potential confounding factors in their analyses including the use of concomitant medications, specifically, antihypertensive agents, antidiabetic agents, statins, and anticoagulants. For example, Tziomalos *et al.*[@bib24] investigated the effects of the use of various classes of antihypertensive agents on acute ischemic stroke and found a reverse association between severe ischemic stroke and diuretic use, but not for angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, and calcium-channel blockers. In addition, Yoshii *et al.*[@bib25] examined the effects of pioglitazone treatment on primary cardiovascular events in a Japanese population. They reported no association between 2 years of pioglitazone treatment and a reduction of primary cardiovascular events.

In addition to adjusting for concomitant medication in the models, we also performed subgroup analyses to investigate the effect of age, sex, CCI score, heart disease, type 2 diabetes, and anticoagulant use, respectively. In our subgroup analyses, we observed a higher stroke risk with NSAID use among subjects aged 20 to 64 years than in subjects aged \>65 years. We further examined the age effect by adding an interaction term between age and NSAID use in a regression model but found no interaction. Whether there is an age-related modifiable effect on the association between NSAID use and risk of stroke warrants further investigation. In addition, we observed an elevated risk of stroke related to NSAID use in subjects with higher CCI scores (≧4) and with anticoagulant use, respectively. Because subjects with higher CCI scores or who are on anticoagulant treatment are vulnerable populations for stroke, caution should be taken when delivering NSAIDs to these high-risk groups. Of note, when we included patients with previous acute myocardial infarction history and repeated the analyses. Similar results were found ([Supplementary Table S3](#appsec1){ref-type="sec"}).

The observed adverse effects of NSAIDs use on stroke and ischemic stroke in dialysis patients could possibly be elucidated by the following biologically plausible mechanisms. First, studies have suggested that NSAIDs play a role in elevating systemic vascular resistance and decreasing glomerular filtration rate in susceptible populations.[@bib26], [@bib27] Hence, it is likely that NSAIDs cause cerebrovascular harm to those on dialysis treatment. Second, it has been documented that NSAIDs inhibit the activity of the COX isozymes, COX-1 and COX-2, and have influence on decreasing total renal perfusion.[@bib28] As a result, NSAIDs may cause changes in renal blood flow, worsen edema, and increase blood pressure.[@bib29], [@bib30] Third, previous reports have demonstrated that COX-2 plays a role in modulating harmful actions of angiotensin II, consequently affecting the regulation of renal function and blood pressure.[@bib31], [@bib32] Fourth, nonselective NSAIDs, acting as a COX-1 inhibitor, could inhibit thromboxane A2 synthesized in platelets and consequently interfere with platelet aggregation and thrombosis formation, resulting in increasing risk of bleeding tendency.[@bib33], [@bib34], [@bib35] On the other hand, both nonselective and selective NSAIDs, could also act on vascular endothelial cells to inhibit prostacyclin I2 production, induce vasoconstriction, and interfere with platelet aggregation.[@bib36] Therefore, NSAIDs use may also increase incidence of ischemic cerebrovascular events. Furthermore, the manifestations in diverse effects of NSAIDs depend on different pharmacokinetic characteristics of individual agents. Both hemorrhagic and ischemic strokes could thus be increased if NSAIDs are unguardedly taken by patients with dialysis, a high-risk group vulnerable to hemodynamic instability. Last but not least, several studies have provided strong evidence that NSAIDs or coxibs inhibit the homeostatic function of prostaglandins (including prostaglandin I~2~, or prostacyclin, and prostaglandin E2) in the kidney and have an impact on adverse renal reactions, which may lead to sodium and potassium retention, nephritis, acute renal failure, and analgesic nephropathy.[@bib37], [@bib38], [@bib39]

In this study, several limitations should be noted. First, data on a number of potential confounding factors, for example, body mass index, lipid levels, tobacco smoking, and alcohol consumption, are not available in the NHIRD. However, because a case-crossover design was used in this study, these confounding factors were unlikely to vary during the defined case and control periods of the present study. Second, similar to most countries, some NSAIDs are available over the counter without a prescription in Taiwan. Thus, we were not able to evaluate the effects of over-the-counter NSAID use. However, this issue might be undifferentiated; subsequently, this would reduce the estimated risk and such bias would drag the observed results toward the null. Third, due to the constraints of a small sample size of individual NSAIDs examined in this study, we did not have sufficient power to examine the dose response of NSAID use. It would be important to further investigate this issue when the sample size allows. Fourth, we could only evaluate the transient effects of NSAID use due to the nature of a case-crossover study. Additional investigation will also be needed to scrutinize the long-term effects of NSAID use on stroke. Fifth, this is among the few studies to determine the adverse effects of NSAID use on stroke in dialysis patients, a population at high-risk for cerebrovascular events. Future studies will be merited to confirm the results from our study. Sixth, in the present study, blood pressure data are not available in the NHIRD. Thus, we performed analyses in patients with and without hypertension, separately. The results were comparable between patients with and without hypertension ([Supplementary Table 2A and 2B](#appsec1){ref-type="sec"}). However, it is likely that the observed increased risk with NSAID use might still be partially explained by the unmeasured blood pressure, thus the results presented in this study should be interpreted with caution. Likewise, no laboratory data for C-reactive protein, albumin, hemoglobin, or erythropoiesis-stimulating agent use were available in the NHIRD, thus the effect of laboratory indices could not be evaluated in this study. Further investigation on these unmeasured factors could be important. Seventh, we applied a case-crossover design to investigate only the short-term effects of NSAID use on stroke among dialysis patients, thus, we were not able to associate long-term effects of NSAIDs and stroke in this study.

In conclusion, NSAID use was associated with an excessive risk of stroke among dialysis patients. Although it is not practical to suggest that physicians entirely avoid prescribing NSAIDs in clinical practice, even to high-risk patients, NSAIDs should be prescribed with caution and NSAID use should be based on careful clinical evaluations of benefits and risks, especially in predisposed populations.
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[^1]: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; HD, hemodialysis; PD, peritoneal dialysis.

[^2]: CI, confidence interval; NSAID, nonsteroidal anti-inflammatory drug; OR, odds ratio.

[^3]: Covariates adjusted in the conditional logistic regression models include antihypertensive (β-blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, calcium-channel blockers, and loop diuretics), antidiabetic agents (insulin, sulfonylurea, thiazolidinediones, and glinides), statins, and anticoagulants (except for aspirin) and number of outpatient visits.

[^4]: *P* \< 0.05 is in bold.

[^5]: AOR, adjusted odds ratio; CI, confidence interval; COR, crude odds ratio; NSAID, nonsteroidal anti-inflammatory drug.

[^6]: Covariates adjusted in the conditional logistic regression models include antihypertensives (β-blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, calcium-channel blockers, and loop diuretics), antidiabetic agents (insulin, sulfonylurea, thiazolidinediones, and glinides), statins, and anticoagulants (except for aspirin), and number of outpatient visits.

[^7]: *P* \< 0.05 is in bold.
